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率。目前工业界普遍采用 PECVD (Plasma Enhanced Chemical Vaopor Deposition) 
法制备氮化硅薄膜做为晶体硅的表面钝化层。然而，该薄膜中存在的大量正的固




















































Crystalline silicon (c-Si) solar cell has long been dominated PV market, due to 
its outstanding properties, such as abundant raw materials, high photoelectric 
conversion efficiency, good stability, long working life, and mature manufacturing 
technology. And one of the key technical parameters of c-Si solar cells is the 
photoelectric conversion efficiency. As known to us, surface passivation can 
effectively reduce the surface recombination loss of c-Si solar cell and thereby 
significantly improve the photoelectric conversion efficiency.Currently, PECVD  
(Plasma Enhanced Chemical Vaopor Deposition) process is commonly used in 
industry to deposit a silicon nitride thin passivation layer on the surface of c-Si soalr 
cell. However, there are a large number of positive fixed charge existed in this thin 
film, which is suitable for p-type substrate c-Si solar cell surface passiviation. At 
present, high efficiency solar cell with n-type c-Si as a substrate is becoming a hot 
topic, therefore, it is urgently to prepare a thin film with a negative fixed charge for 
p-type silicon surface passivation. 
This paper developed a passivation film, phosphorus-doped silicon nitride film, 
which affilicated negative fixed charge. And the passivation properties of the 
phosphorus-doped silicon nitride coating on p-type silicon surface has been 
investigated by use of numerical simulation, combining with experimental studies. 
Firstly, PC1D simulation and c-Si surface recombination rate calculations have been 
carried out. The theoretical calculations show that, the choice of passivation thin film 
is decided by the conductivity of semiconductor.When the negative fixed charge 
density increases to a certain value, the electric field formed by negative fixed charge 
has much significant effect on the p-type c-Si surface passivation of solar cell, and 
this significant passivation require the negative fixed charge density to be above 
3×1011 cm-2 orders of magnitude. Secondly, passivation experiments have been 
studied by use of phosphorus-doped silicon nitride film. The results show that, not 
only phosphorus-doped silicon nitride has the same chemical passivation effect as 
traditional silicon nitride, but also it has high field-effect passivation, whose negative 
fixed charge density can reach 1012 cm-2 orders of magnitude. When under lighting, 














passivated by phosphorus-doped silicon nitride, appears to increase (this phenomenon 
is defined as 'light-induced enhancement phenomenon'). And the increasing trend will 
reach its saturaiton within 100 minutes. Experimental study also found that, the 
low-temperature annealing on silicon wafer passivated by phosphorus-doped silicon 
nitride can not only increase the minority carrier lifetime, but also it improve the 
light-induced enhancement amplitude and shorten the time to less than 15 minutes for 
minority carrier liftime to reach its maximum value in the light condition. It is 
determined that, the amount of negative fixed charge in the phosphorus-doped silicon 
nitride thin film will be increased under the light, thereby light-induced enhancement 
phnomenon occurs. Moreover, the low-temperature annealing will increase the 
number of negative fixed charge in the thin film, so the minority carrier lifetime of 
such silicon wafer has been raised. In addition, both chemical passivation and field 
effect passivation of negative fixed charge together result to the increasing of 
amplitude of the light-induced enhancement after low-temperature annealing on the 
phosphorus-doped silicon nitride coating silicon wafer. 
This study effectively solved the problem—the light-induced decay of minority 
carrier lifetime long happens on the p-type boron doped Czochralski single crystal 
silicon. Meanwhile, the study presented a low cost surface passivation film 
technology for n-type crystalline silicon solar cell. Therefore, the study has great 
practical significance. 
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